Background Direct oral anticoagulants (DOACs) have the advantage of being administered orally at a fixed dose without laboratory monitoring, in contrast to the frequent international normalized ratio measurements used to adjust for vitamin K antagonists dosing. Rivaroxaban, has a short half-life. The anticoagulation effect rapidly decreases if medication adherence is suboptimal. Objective The purpose of this quantitative study (called RIVA) is to longitudinally describe adherence to rivaroxaban (implementation and persistence) in patients with deep vein thrombosis (DVT). Setting The community pharmacy of the Center for Primary Care and Public Health (Unisanté), University of Lausanne, Switzerland in collaboration with the angiology division of the Lausanne University Hospital (CHUV). Methods This is an observational study. Patients received rivaroxaban for 3 or 6 months: 15 mg twice a day during the first 3 weeks and then 20 mg once a day until the end of the treatment. Adherence was measured using electronic monitoring. Implementation and adherence were modelled using a generalized estimating equation model. Persistence was represented using a Kaplan-Meier survival curve. Main outcome measure Medication adherence (implementation and persistence). Results Thirty-one consecutive patients were included (68% male, mean age: 47 years old). The collected adherence data consisted of 57 inter-visit phases, 2899 electronic monitoring openings and a median follow-up of 92 days (IQR: 87; 100). Implementation to rivaroxaban was initially high [96.3 (92.8; 98.1)] but decreased during the first 3 weeks, until it reached 89.3 (76.0; 95.6). After the switch from twice a day 15 mg to a once a day 20 mg regimen, implementation increased again and remained stable [95.4 (92.2; 97.3)] for 90 days. Four patients who experienced adverse events discontinued the treatment before the end of the study and were considered non-persistent (clinically appropriate discontinuation). Conclusion Adherence to rivaroxaban in deep vein trombosis is high in persistent patients. Discontinuation is related to rivaroxaban adverse effects/toxicity. Implementation should be reinforced during the twice a day-phase, and this first 3-week experience should help patients and healthcare professionals choose the best timing for the once a day phase.
Impact of findings on practice statements
• Healthcare professionals (HPCs) should pay particular attention to the first phase of treatment with rivaroxiban (when taken 15 mg twice a day). • HCPs should engage patients in choosing the best timing for rivaroxaban during the second phase of the treatment (once a day) according to their needs. • Patients have to be informed on the possible occurrence of adverse effects and toxicity when initiating rivaroxa-
Introduction
Venous thromboembolism (VTE) includes deep vein thrombosis (DVT) and pulmonary embolism (PE) [1] . Almost twothirds of VTE cases are isolated deep vein thrombosis (i.e., without concomitant PE) [2] . In Europe, DVT has an annual incidence of approximately 70-140 cases/100,000 people [2] . For proximal DVT, anticoagulant therapy is recommended for 3 months if transient and reversible risk factors are present. In all other patients, the decision to discontinue anticoagulation should be individually tailored and balanced against bleeding risk, taking also into account patient preferences [2] . Direct oral anticoagulants (DOACs) or vitamin K antagonists (VKAs) are used to treat DVT [2] . DOACs (rivaroxaban, apixaban, edoxaban, dabigatran) have the advantage of being administered orally at a fixed dose without laboratory monitoring, in contrast to the frequent international normalized ratio (INR) measurements used to adjust for VKAs dosing [3] [4] [5] . Systematic reviews and meta-analyses reported similar efficacy of DOACs compared to VKAs in the treatment of DVT and higher safety associated with a lower risk of bleeding [6] [7] [8] .
Medication adherence is defined as the process by which patients take their medications as prescribed by their health care providers [9] . Medication adherence consists of three behavioural components: initiation, implementation and persistence. Initiation corresponds to whether or not the patient takes the first dose. Implementation is the correspondence between the doses taken by the patient and the prescribed doses (from the first dose until the last one) in terms of taking and timing. Persistence is the time between initiation and discontinuation [9] .
Few studies have investigated adherence to DOACs or VKAs in DVT. No study evaluated initiation. A retrospective study evaluated the medication possession ratio (MPR) to rivaroxaban and warfarin in DVT [10] . Three studies evaluated discontinuation to rivaroxaban caused by adverse effects [11] [12] [13] . One study compared three different adherence tools (eCAP™, medication diaries, and pill count) to monitor rivaroxaban (n = 19) and apixaban (n = 20) [14] .
However, no study explored the dynamic of drug intake over time through electronic monitoring. Rivaroxaban has a short half-life (5-9 h in adults and 11-13 h in elderly patients) and the anticoagulation effect rapidly decreases if medication adherence is suboptimal [15, 16] .
Aim of the study
The purpose of the RIVA study was to explore adherence to rivaroxaban in patients with DVT. The study consisted of quantitative and qualitative substudies. The purpose of the quantitative substudy was to measure adherence to rivaroxaban (implementation and persistence) longitudinally. The qualitative study (individual interviews with patients) will be published separately; it aimed to explore the patients' perceptions and experiences of taking rivaroxaban.
Ethics approval
The study protocol was approved by the local ethic committee (Canton Vaud, Switzerland) in August 2014 (protocol 247/14). Informed consent was obtained from all individual participants included in the study.
All procedures performed involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Methods
The article has been written according to STROBE [17] and EMERGE [18] guidelines.
Study design and setting
The RIVA study is a single-group, monocentric, prospective, pilot study that took place between February 2015 and June 2017. The study was conducted at the community pharmacy of the Center for Primary Care and Public Health (Unisanté), University of Lausanne, Switzerland in collaboration with the angiology division of the Lausanne University Hospital (CHUV).
Participants
All consecutive outpatients (≥ 18 years) with a DVT of the lower limbs about to start rivaroxaban were eligible. Angiologists screened the patients during their medical visit. The choice to use DOAC instead of VKA was made on the basis of international and local guidelines and according to the patient's preferences. According to guidelines, DOAC should be considered the first choice in the treatment of DVT because they showed to have at least the same efficacy than VKA but less bleeding events. The only exceptions to use of DOAC are patients with severe renal failure (clearance 1 3 creatinine < 30 mL/min) and patients with severe obesity (patients weighted > 120 kg) [2] . Please note that at time when this study was designed rivaroxaban was the only DOAC available in Switzerland for DVT treatment. Patients' past medication adherence did not influence the choice of treatment.
The exclusion criteria were the patient's inability to understand and sign the informed consent form or to attend the study appointments. Since patients started rivaroxaban at the time of the study, previous medication adherence was not an eligibility criterion.
Patients were prescribed rivaroxaban for 3 or 6 months; 15 mg twice a day (BID) during the first 3 weeks and then 20 mg once a day (QD) until the end of the treatment. Patients were seen at the Angiology Division and at the pharmacy at V0 (baseline), V1 (3 weeks) and V2 (3 or 6 months depending on the duration of the treatment). If the patients needed to take rivaroxaban for 6 months, an additional visit at 3 months (V1b) was planned.
Variables and data sources
A case report form (CRF) was used at baseline to collect socio-demographic and medication data: age, gender, nationality, area of residence, ethnic group, current co-treatments, and the past or current use of an adherence aid.
At baseline, the angiologist filled in an anamnestic questionnaire to evaluate the venous thromboembolism risk factors (personal/familial history of VTE, obesity, cancer, thrombophilia, surgery, immobility), the cardiovascular risk factors (hypertension, dyslipidaemia, diabetes, smoking), the history of cardiovascular disease and the presence of concomitant diseases.
Adherence to rivaroxaban was measured using an Electronic Monitoring system (EM, named MEMS ® ; Aardex Ltd.). This pillbox cap was equipped with an electronic chip that records the date and time of each opening. The use of the electronic pillbox made it possible to collect longitudinal data and to model the implementation and the persistence.
Patients were asked to use the electronic pillbox as a regular pillbox and to open it only at the time of drug intake. The data recorded by the electronic chip were uploaded to computer software (MedAmigo ® , Aardex Ltd.) at 3 weeks, 3 months and 6 months in a blinded manner. They were unblinded at the end of the study. Neither the researchers and healthcare professionals nor the patients had access to the results during the study.
Reconciliation of electronic adherence raw data with patient-reported EM use and pill count
To reduce the risk of bias associated with the adherence measure instrument, two reconciliation strategies were used: patient's reported EM use and a pill count. At each visit, patients were asked whether and in which circumstances they had prepared pocked doses (i.e., medication prepared in advance for a later use) and whether they encountered any nonmonitored period (NMP) (i.e., rivaroxaban taken without the electronic monitor, e.g., in case of hospitalization). At each visit (except for V1b), the remaining pills in the returned pillbox were stored at the pharmacy. At the end of the study, a manual pill count for each inter-visit period (also called patient-phase, time in days between two pharmacy visits, i.e., V0-V1, and V1 (V1b)-V2) was performed.
At the end of the study, electronic adherence data were extracted from the Medamigo ® platform for each inter-visit period. A day was defined as the 24-h period from 3:00 a.m. to 2:59 a.m. on the next day because we considered a 2:00 a.m. drug intake as an evening and not a morning dose.
Then, the electronic adherence data were compared with pill counts for each patient-phase. The absolute difference between the electronic adherence (%EDM = electronic drug monitoring-based proportion of prescribed doses taken) and pill count (%PC = pill count-based proportion of prescribed doses taken) was calculated using the formula: ABS (%EDM − %PC) [19] . If this difference was > 25%, electronic adherence was recalculated by including pocked doses and nonmonitored periods reported by patients during the corresponding pharmacy visits (V1, V2).
Implementation, persistence and adherence definitions
Implementation is the time dependent percentage of patients taking correctly their medication among those who are still persistent at a given time. Persistence is the distribution of the individual times between initiation and discontinuation [9] . According to the definition, the discontinuation is "when the next dose to be taken is omitted and no more doses are taken thereafter" [9] . For this analysis, two definitions of discontinuation were considered: (1) "classic" ABC discontinuation (patient stops treatment on his own, unilateral initiative) [9] and (2) "classic" ABC discontinuation & clinically appropriate discontinuation (patient stops treatment according to medical pharmacovigilance recommendations, e.g., treatment adverse effects and toxicity). Patients who stopped using the electronic pillbox before the end of the study (e.g., a patient who decided to use a weekly box instead of the EM) but continued medication, and patients who had the medical visit some days before the end of the follow-up (e.g., at 86 days instead of 90 days) were considered as censored times [20] . Adherence summarizes implementation and persistence and is defined as the time dependent percentage of patients taking correctly their medication among patients initially included into the study.
Statistical methods
Descriptive statistics were used to analyse the demographic and clinical data: age, gender, weight, body mass index (BMI), VTE risk factors, cardiovascular risk factors, previous bleeding, acute coronary syndrome, and stroke.
Implementation and persistence were analysed over a period of 90 days, because only four patients provided data beyond this period. At each day, we dichotomized the patient medication behaviour in "correct" when he/she took at least the number of prescribed doses, and "incorrect" when he/ she took less than the number of prescribed doses. Implementation was represented as a function of time and modelled using a generalized estimating equation (GEE) model. The exchangeable GEE model was chosen, and the time was introduced using polynoms. Times spent in the first phase (15 mg BID) and second phase (20 mg QD) were separately introduced in a piecewise GEE model also including a jump between the two phases [21] .
Persistence was estimated using the Kaplan-Meier estimator. The latter is an estimator of the survival function of the discontinuation times taking into account censoring. Adherence was estimated at each day of the follow-up as the product between implementation and persistence (indirect estimation method) [20] .
Results

Participants
Thirty-one patients were included. The planned duration of treatment was 3 months for 27 patients and 6 months for four patients. Twenty-one patients (67.7%) were male, and the mean age was 47 years old. Nine patients (29.0%) had a personal history of VTE, and nine patients (29.0%) a familial history of VTE. Sixteen patients (51.6%) were smokers (nine active and seven former smokers) (see Table 1 ).
Reconciliation of electronic monitor raw data with pill count
The collected adherence data for the 31 included patients consisted of 57 inter-visit phases, 2899 EM openings and a median follow-up of 92 days (IQR: 87; 100).
During the reconciliation process, the difference ABS(%EDM − PC) was > 25% in two patient-inter-visit phases. For one patient, the discrepancy was resolved by introducing a validated NMP. In a second patient-phase, pill count was unavailable, as the patient received the treatment in another pharmacy; the EM data were therefore reconciled with patient-reported EM use.
Implementation, persistence and adherence
Three individual patient behaviours are illustrated in Fig. 1 : a patient with a perfect adherence and a regular timing (1a), a patient with a variable timing (1b) and a patient with a suboptimal adherence (1c). Figure 2 shows implementation predicted by the model for a switch at 21 days, which represented the median switch time (range 20-24 days). A piecewise GEE model with the time variables (time in the first and the second phase) introduced using polynomes showed a significant implementation decrease during the first phase, from 96.3 (95% CI 92.8; 98.1) to 89.3 (95% CI 76.0; 95.6), followed by a significant jump at the beginning of the second phase, with a stabilization at 95.4 (95% CI 92.2; 97.3) until the end of monitoring.
Among the 31 patients, four were discontinuing for medical reasons (alveolar haemorrhage, gastrointestinal pain and nausea, uterine bleeding, or headache), all during the first 3-week phase of medication. No patient discontinued the treatment on one's own initiative. Two patients were censored at V1: one felt controlled and the other one preferred to use a weekly box instead of EM. Five patients had the medical visit some days before the end of follow-up (e.g., at 86 days instead of 90 days) and were censored at the day of the visit. Figure 3 shows the persistence Kaplan-Meier estimate according to the second definition of discontinuation as an interruption of treatment on the patient's own initiative or according to medical recommendations. A 87% (75.8-99.7%) persistence was estimated at the end of the 3-month follow-up. Adherence estimated using the indirect method is also represented in the graph. 
Discussion
The RIVA quantitative substudy described the 3-month adherence to rivaroxaban in patients with DVT of the lower limbs. The strength of the RIVA study relies on the electronic, longitudinal measure of medication adherence in a real-life context. The two behavioural constructs of adherence (implementation and persistence) were clearly defined and analysed individually. Advanced longitudinal statistical approaches were applied to describe the dynamics of adherence, firstly for the initial BID 3-week phase and, secondly, for the subsequent 9-week QD-phase.
Implementation measured in the RIVA study was in line with the results of other studies. In Lai et al.'s study (n = 231 patients, n rivaroxaban = 94 patients), adherence to rivaroxaban was higher than adherence to warfarin (0.904 ± 0.094 vs. 0.804 ± 0.159), whatever the clinical indication. Adherence was calculated using the medication possession ratio (MPR), without specifying the adherence components (implementation and persistence) [10] .
Interestingly, in the RIVA study, implementation of rivaroxaban BID decreased gradually during the first 3 weeks. We assume that this decrease was related to the fading of symptoms after the acute event passed. It has been established in different diseases that the disappearance of symptoms has a negative impact on medication adherence [23] . It is noteworthy that after the switch to the QD regimen, implementation of rivaroxaban improved again. This result corroborates other findings in the literature. A meta-analysis (29 studies using EM) confirmed that adherence to QD cardiovascular drugs is higher compared to BID (percent of days with correct dosing: 84.9% vs. 73.8%, p < 0.01) and three times daily regimens (65.4%, p < 0.0001) [24] .
As described by Vrijens and Heidbuchel [16] , missing a single dose of a DOAC BID regimen is not critical but missing a single dose in a QD regimen is equivalent to missing three consecutive doses of a BID regimen, hence reaching the ineffective drug concentration. On the other hand, according to patients' perspectives, QD regimens are easier to handle in daily life. What matters the most between the pharmacological and the patient perspectives? To better resolve this important dilemma, further studies are needed to evaluate the effect of the QD versus BID regimens on the factor Xa inhibition and on clinical outcomes. No study has yet investigated the association between adherence to rivaroxaban and its clinical outcomes in DVT. The RIVA study is paving the way by showing that the adherence behaviour varies largely from one patient to the next. Hence, healthcare professionals must consider the pharmacological aspects as well as the patients' adherence barriers and facilitators to convey the most appropriate and personalized health message, whether they are addressing adherence with an adherent or less adherent patient.
In the RIVA study, 4 patients (13%) had to interrupt the treatment (clinically appropriate discontinuation). In the XALIA study, 157 patients on rivaroxaban for DVT (out of 2619, 6%) experienced adverse events resulting in a drug discontinuation [12] . In the randomized Einstein-DVT Dose-Ranging study (n = 543), nine patients on rivaroxaban 20 mg (out of 135, 7%), 7 on rivaroxaban 30 mg (out of 134, 5%) and 5 on rivaroxaban 40 mg (out of 136, 4%) discontinued prematurely because of adverse events [11] . In the ongoing, prospective, non-interventional Dresden NOAC Registry, 3.6% of patients (out of 411) on rivaroxaban for acute lower limb DVT and/or PE had an unplanned, complete discontinuation (6.1% at 12 months) [13] . Informing patients of possible rivaroxaban adverse effects in the early stage of treatment is a priority for all health professionals.
The RIVA study has some limitations. First, the limited number of patients due to the pilot design. Despite the small number of patients, our preliminary results on implementation and persistence will help design larger studies. Second, patients who use an electronic pillbox tend to take their medication better during the first 4-5 weeks of follow-up, knowing they are being monitored [25] . Despite this limitation, we were able to show a decline in implementation to rivaroxaban during the first 3 weeks of treatment. EM allows the longitudinal description of adherence and the modelling of implementation and persistence as two complementary constructs [26] . Finally, it is assumed (but not ascertained) that patients swallow their treatment immediately after the EM opening. To control this limitation, patients were asked to open the pillbox only at the time of taking and to swallow the tablet immediately.
Conclusion
To our knowledge, the RIVA study is the first study that measures medication adherence in patients with DVT treated by rivaroxaban using an electronic monitoring system and exploiting longitudinal data. Medication adherence electronic monitoring should be used more systematically in daily practice to document suboptimal adherence. The health professionals could then provide solutions accordingly to patient needs. Importantly, implementation should be reinforced during BID phase one.
Finally, large, multicentre studies are needed to confirm these findings and to assess the impact of adherence to rivaroxaban on clinical outcomes and resolve the dilemma between the BID pharmacologically higher positive impact versus QD patient preference.
